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S U M M A R Y
Objectives: In emerging countries, pneumonia is a leading cause of hospitalization and death, particularly
among the youngest and oldest. This retrospective study aimed to quantify the incidence of
hospitalization due to all-cause pneumonia (HDTP) and in-hospital case fatality rates (CFRs) in all
age groups, in ﬁve administrative regions of Brazil.
Methods: The International Classiﬁcation of Diseases Tenth Revision coding for pneumonia (J12–J18)
and an interactive web-based database of individuals covered by the Uniﬁed Health System in Brazil who
were hospitalized from 2003 to 2007, were used to identify cases. In-hospital CFRs were the percentage
of hospitalized cases that died.
Results: The overall HDTP incidence per 100 000 people of all ages decreased from 451 in 2003 to 388 in
2007. When categorized by age group, the HDTP incidence was lowest for those aged 5–49 years, and
highest in children aged 4 years and adults aged 50 years. The in-hospital CFR increased from 2.89% in
2003 to 4.02% in 2007. Regional differences in HDTP incidence rates and in-hospital CFR were observed
from 2003 to 2007.
Conclusions: As expected, the highest HDTP rates were observed in the very young and the elderly.
Regional differences in hospitalization incidence rates and in-hospital CFRs were observed.
 2012 International Society for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.
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Pneumonia is a common cause of morbidity and mortality in
developed and developing countries, particularly among young
children and the elderly. Community-acquired pneumonia (CAP) is
the dominant cause of disease in children throughout the world,1
and is responsible for 20% of all deaths in children.2,3 The 2009
Brazilian guidelines for CAP in immunocompetent adults show that
pneumonia was the leading cause of hospitalization for medical
illness in Brazil in 2007 according to the Hospital Information
Service of the Uniﬁed Health Care System, accounting for 733 209
hospitalizations.4 A predominance in males, as well as a greater
occurrence between the months of March and July, was observed.
The overall rate of hospitalization due to pneumonia decreased
over the past decade;5 however, the rate of in-hospital pneumonia-
related mortality among immunocompetent adults increased.4
Individuals aged less than 5 years and those aged over 80 years
experienced the highest rates of hospitalization for pneumonia. A§ The data were presented, in full or in part, at the following meetings: World
Society of Pediatric Infectious Diseases, Buenos Aires, Argentina, November 18–22,
2009; and the 14th Biennial International Congress on Infectious Diseases, Miami,
Florida, USA, March 9–12, 2010.
* Corresponding author. Tel.: +55 11 81 52 7244; fax: +55 11 37 21 0434.
E-mail address: berezin@terra.com.br (E.N. Berezin).
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http://dx.doi.org/10.1016/j.ijid.2012.02.018downward trend in hospitalizations was observed with increasing
age among children aged less than 5 years, but an upward trend
was observed with increasing age for adults.
Brazil is a relatively large country, with a total population close to
200 million. The median age of the Brazilian population is 28.6
years.6 The 0–14 years age group comprises about 27% of the total
population, whereas those aged 15–64 years comprise 67% of the
total population. Just over 6% of the total population is aged 65 years
and older. More than half of all Brazilians are white (53.7%), 38.5% are
mixed race, and 6.2% are black. The death rate in Brazil is just under
6.4 deaths per 1000 persons, and the infant mortality rate is just
under 23 deaths per 1000 live-births. For the population as a whole,
life expectancy at birth averages about 72 years, with a higher
average in females (75.7 years) compared to males (68.4 years).
Inequities exist in Brazil with regard to access to healthcare,
particularly with respect to urban versus rural areas.7 Indigenous
people worldwide tend to have poorer health statistics than non-
indigenous people, and 0.2% of the population in Brazil is classiﬁed
as indigenous.8 A single healthcare system, established by the
Constitution of 1988, has the goal of meeting the healthcare needs
of the entire Brazilian population and is characterized by being
universal, hierarchical, decentralized, and under social control.7
The healthcare system, Sistema U´nico de Sau´de (SUS, Uniﬁed
Health System), covers approximately 75% of the population; the
remaining 25% are covered by an array of private health plansses. Published by Elsevier Ltd. All rights reserved.
Table 1
Characteristics of the ﬁve administrative regions in Brazil
Region % Of total population % Of total area Miscellaneous characteristics
Central-West 7 18.9 Contains the national capital, Brasilia; 86% of residents live in urban areas; second-lowest population
density (8.2 residents/km2); high standard of living (high HDI, 0.815); responsible for 7% of the GDP in
2005; per capita GDP 125 in 2005.a
The climate is tropical to humid, equatorial.
Northeast 28 18.3 72% of residents live in urban areas; intermediate population density (34.4 residents/km2); medium standard
of living (medium HDI, 0.72); responsible for 13.1% of the GDP in 2005; per capita GDP 47 in 2005.a
The climate is tropical to semi-arid; this is the driest region.
North 8 45 Contains the Amazon rainforest; largest region in area; 76% of residents live in urban areas; lowest
population density of the regions (3.8 residents/km2); medium standard of living (medium HDI, 0.764);
responsible for 4.6% of the GDP in 2005; per capita GDP 62 in 2005.a
The climate is humid, equatorial; hot and humid all year long, with the heaviest rains from December
to March.
Southeast 43 11 Contains the city of Rio de Janeiro; 92% of residents live in urban areas; largest region in population; highest
population density (84.2 residents/km2); high standard of living (high HDI, 0.824); richest region and is
responsible for 57.8% of the GDP in 2005; per capita GDP 133 in 2005.a
The climate is mild and mostly tropical; the winter season runs from June to September with average
temperatures of 10 8C to 15 8C.
South 15 7 Smallest region in area; 82% of residents live in urban areas; second-highest population density (46.4
residents/km2); responsible for 17.6% of the GDP in 2005 (high HDI, 0.829); per capita GDP 113 in 2005.a
The climate is humid subtropical; May to September is cool, December to March is hot, and the monsoon
season runs from October to May.
GDP, gross domestic product; HDI, human development index of Brazil.
a Jereissati, T. Brazilian Regional Policy. Presented at the Russia and World Bank Workshop on Regional Development Strategies, March 31, 2008, Moscow, Russia.
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coverage by the SUS and private health plans, with greater SUS
coverage in municipalities containing low-income populations.
The SUS network includes health units (healthcare centers, clinics,
outpatient clinics, hospitals, laboratories, etc.) and is under
municipal, state, federal, or private administration contracted by
public authorities.9
Brazil is divided into ﬁve different administrative regions that
have very different characteristics (Table 1). The Southeast Region,
which includes the city of Rio de Janeiro, is both the wealthiest region
and the region with the highest population density.7 The North
Region, containing the Amazon rainforest, is the poorest region and
has the lowest population density. Thus, regional differences in the
incidence of disease and mortality might be expected to occur.
Geographically, Brazil is located in the Southern Hemisphere and
encompasses climates that range from humid equatorial in the North
and Northeast regions to subtropical in the Southeast Region (Table
1). Winter begins in June and ends in September, whereas summer
begins in December and ends in March.
This retrospective study was undertaken to quantify the burden
of disease in Brazil due to pneumonia from any cause, for both
different age groups and different regions of the country. The
primary objective was to quantify the rate of hospitalization due to
all-cause pneumonia (HDTP) in Brazil from 2003 to 2007. A
secondary objective was to quantify the mortality (deﬁned as the
in-hospital case fatality rate (CFR)) associated with pneumonia
from any cause during the same time-period.
2. Materials and methods
2.1. Data sources
Pneumonia case data for the numerator in the calculation of
hospitalization rates and in-hospital CFRs were obtained from the
database Morbidade hospitalar do SUS—por local de internac¸a˜o—
Brasil.10 The Brazilian Ministry of Health manages the SUS Hospital
Information System through the Department of Healthcare, in
conjunction with the State Departments of Health and the Municipal
Departments of Health. The primary purpose of the Hospital
Information System is to enable payments for hospitalizations at
public and private facilities.11 Although it includes only hospitaliza-
tions covered by the SUS, this comprises approximately 70% of allhospitalizations. This database allowed hospitalization data to be
captured and also provided aggregated data, with analyses of all-
cause infectious pneumonia broken down by the following
parameters: age, gender, geographic region, state, mortality, length
of hospital stay, and cost.
Population data, used as the denominator for calculating
hospitalization rates and in-hospital CFRs, were obtained from
the database Populac¸a˜o residente—Brasil.12 This database allowed
population data to be captured with analyses of populations
broken down by the following parameters: age, gender, geographic
region, state, and rural or urban location.
The use of a retrospective claims database precluded our ability
to identify the full clinical pictures of individuals being coded with
pneumonia. Case deﬁnitions in this study were based on the
primary diagnosis according to the International Classiﬁcation of
Diseases Tenth Revision (ICD-10) coding. Additional clinical
information, including signs and symptoms, laboratory, and chest
radiograph results, could not be obtained.
2.2. Variables
Variables available in the SUS database include demographics
(age and gender), time information (month/year of hospitaliza-
tion), geographic region/state, and the ICD-10 codes used for
admission to the hospital. The speciﬁc ICD-10 codes used to
identify cases of pneumonia were: J12, viral pneumonia; J13,
Streptococcus pneumoniae-caused pneumonia; J14, Haemophilus
inﬂuenzae-caused pneumonia; J15, bacterial pneumonia not
otherwise speciﬁed; J16, other infectious organism not elsewhere
classiﬁed; J17, pneumonia in diseases classiﬁed elsewhere; and
J18, unspeciﬁed organism.
A program computed HDTP incidence rates and contained the
following variables: time period, subgroup, number of pneumonia
cases, and total population for this subgroup.
The case population for this analysis included all individuals
served by the SUS in Brazil who had been hospitalized for
pneumonia from 2003 to 2007.
2.3. Statistical analysis
All analyses were carried out using SAS software (version 9.1.3).
The HDTP incidence rate (per 100 000 persons per year) was
Table 2
Parameters associated with hospitalized pneumonia cases in Brazil for the years 2003 to 2007
Year Incidence rate per
100 000 persons (95% CI)
Case fatality rate per
100 persons (95% CI)
Average length of
hospital stay, days
2003 451 (450–452) 2.89 (2.86–2.93) 5.5
2004 442 (441–443) 3.23 (3.19–3.27) 5.5
2005 394 (393–395) 3.41 (3.37–3.45) 5.4
2006 394 (393–395) 3.64 (3.60–3.69) 5.4
2007 388 (387–389) 4.02 (3.89–4.07) 5.4
CI, conﬁdence interval.
Figure 1. Hospitalization due to pneumonia: incidence rates in the overall
population of Brazil by month for the years 2003–2007.
E.N. Berezin et al. / International Journal of Infectious Diseases 16 (2012) e583–e590 e585computed with 95% conﬁdence intervals (CIs) based on the Poisson
distribution, which is used when the events of interest have a
random distribution and occur independently of one another.13,14
Monthly incidence rates were estimated as the number of cases
each month divided by the total population of the year.
HDTP incidence rates were calculated as the number of cases
divided by the total number of population at risk for this subgroup,
multiplied by 100 000. In-hospital CFRs were calculated as the
number of deaths divided by the corresponding number of cases
and expressed as the number of cases per 100 persons. The length
of hospital stay was the number of days between the day of
admission to the hospital and the day of discharge.0
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Figure 2. Hospitalization due to pneumonia: inciden3. Results
3.1. Hospitalization due to all-cause pneumonia incidence rate
The overall HDTP incidence rates for the years 2003 to 2007 in
Brazil, combined for all age groups, are shown in Table 2. The HDTP
incidence rate per 100 000 persons showed a steady decrease with
time, from 451 in 2003 to 388 in 2007. When the HDTP incidence
rate for the country overall was examined with respect to months
of the year, the incidence was highest from April to September,
which corresponds to the period of cooler temperatures in the
Southern Hemisphere (Figure 1). This seasonal pattern was similar
in all ﬁve regions.
The HDTP incidence rate with respect to age showed a typical U-
shaped curve (Figure 2). The HDTP rate was lowest for those aged
5–49 years in each year, but was markedly higher in both the
younger (aged 4 years) and elderly (aged 50 years) age groups.
Regional differences were observed for the HDTP incidence
rates for all age groups combined over the 5-year period from 2003
to 2007 (Figure 3). For each year, the lowest incidence rate
occurred in the Southeast Region, which includes Rio de Janeiro. In
most years, the region with the highest HDTP incidence rate was
the Central-West Region.
3.2. In-hospital CFRs for all-cause pneumonia
The overall in-hospital CFRs due to all-cause pneumonia in
Brazil for the years 2003 to 2007, combined for all age groups, are
shown in Table 2. The rate per 100 persons increased steadily from
2.89 in 2003 to 4.02 in 2007. CFRs were steady throughout each
year, without seasonal variation.
The in-hospital CFRs observed for various age groups were
lowest for those aged 1–14 years (Figure 4). In most age groups29 30–3 9 40–49 50–59 60–69 70–79 ≥80
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Figure 3. Hospitalization due to pneumonia: incidence rates for all age groups
combined, by region, for the years 2003–2007.
Figure 4. In-hospital pneumonia case fatality rates by age group for the years 2003–
2007.
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steady increase in CFR was observed for adults aged older than 20
years. In 2007, the CFR (95% CI) for adults aged 80 years was more
than 70-fold higher than that for children aged 5–9 years (18.11
(17.77–18.46) vs. 0.25 (0.21–0.29) per 100 persons).
For all age groups combined, regional differences in CFRs were
observed from 2003 to 2007 (Figure 5). For each year, the highest
CFR occurred in the Southeast Region and the lowest CFR in the
North Region. The difference in CFR between the Southeast and
North regions was more than three-fold for all 5 years.
3.3. Hospital length of stay for all-cause pneumonia
The average lengths of hospital stay due to pneumonia in Brazil,
combined for all age groups, are shown in Table 2. The average
length of hospitalization in the country as a whole over the time
period 2003–2007 was 5.4 to 5.5 days.
Age had a signiﬁcant effect on the average length of
hospitalization; however, the temporal characteristics withFigure 5. In-hospital pneumonia case fatality rates for all agrespect to age were similar for the years 2003 to 2007. The
average hospital stay for infants aged <1 year ranged from 5.8 to
6.0 days during the time-period 2003–2007. For patients aged 1–
29 years, the average hospital stay ranged from 4.4 to 4.9 days. For
patients aged 30–49 years, the average hospital stay ranged from
5.3 to 6.2 days. The average length of hospitalization for adults
aged 50 years ranged from 6.0 to 6.5 days.
Similarly, regional differences with respect to the length of
hospitalization in the overall population were also observed, with
little temporal difference from 2003 to 2007. For each year, the
longest hospital stay occurred in the Southeast Region (6.30 days in
2007), followed by the South Region (5.30 days in 2007), with the
shortest hospital stays occurring in the remaining three regions
(Central-West Region 4.90 days in 2007, Northeast Region 4.90
days in 2007, and North Region 4.80 days in 2007).
3.4. Regional differences in HDTP incidence rates and in-hospital CFRs
for three speciﬁc age groups
Data on HDTP incidence rates and CFRs for two pediatric age
groups (age <1 year and 1–4 years) and one adult age group (age
50 years) were examined in detail for regional differences.e groups combined, by region, for the years 2003–2007.
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Figure 6. Comparison of incidence rates of hospitalization due to pneumonia: incidence rates and in-hospital pneumonia case fatality rates (CFRs) for three age groups in each
region: A and B show infants aged <1 year; C and D show children aged 1–4 years; and E and F show adults aged 50 years.
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For infants aged <1 year, most regions showed declines in HDTP
incidence rates between 2003 and 2005 (Figure 6A). In 2007, the
observed incidence rates were lowest in the Northeast and
Southeast regions (3500 per 100 000 persons), and highest in
the North and South regions (5500 per 100 000 persons). The in-
hospital CFRs for four regions declined from 2003 to 2007
(excluding the Central-West Region) (Figure 6B). In 2007, in-
hospital CFRs in this age group were lowest for the Southeast and
South regions (0.7%) and highest for the North and Northeast
regions (1%). Thus, for infants aged <1 year, the Southeast Region
had both a relatively low HDTP incidence rate and a correspond-
ingly low in-hospital CFR. The relatively poor Northeast Region
also had a low HDTP incidence rate, but this was coupled with a
higher CFR.
3.6. Pediatric patients aged 1–4 years
For children aged 1–4 years, HDTP incidence rates showed a
steady decline from 2003 to 2005 in all regions; these then
plateaued or increased in 2006 and 2007 (Figure 6C). In 2007, the
lowest HDTP incidence rate in this age group occurred in the
Southeast Region (1200 per 100 000 persons) and the highest rate
occurred in the North Region (2200 per 100 000 persons). In2007, the in-hospital CFR was lowest for the South Region
(0.15%), with the highest rates occurring in the Northeast and
Southeast regions (0.22%) (Figure 6D).
3.7. Adults aged 50 years
For patients aged 50 years, the HDTP incidence rates
decreased from 2004 to 2007 in most regions (Figure 6E), but
actually increased in the South Region. In contrast, the in-hospital
CFR in this age group increased in most regions (Figure 6F). In the
Southeast Region, which had one of the lowest HDTP incidence
rates for this age group, the in-hospital CFR was about two-fold
higher than in the other regions over the period from 2003 to 2007
(Figure 6F).
4. Discussion
This retrospective database study focused on HDTP incidence
rates in Brazil. This may be the largest population-based
retrospective study of its kind ever conducted of residents in
Brazil, and included all age groups and all regions of the country.
The typical U-shaped curve was observed for both HDTP incidence
rates and in-hospital CFRs when grouped by age group. However,
the in-hospital CFR was more than 70–fold higher for older adults
than for infants aged <1 year, whereas the HDTP for this age group
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country as a whole, HDTP incidence rates decreased slightly from
2003 to 2007, whereas the in-hospital CFR increased slightly during
the same time-period. Variations in HDTP incidence rates based on
seasonal changes were apparent, but occurred in all regions.
These results help to conﬁrm that, despite its declining
incidence, pneumonia remains an important cause of hospitaliza-
tion and death. According to a report published in 2009, respiratory
diseases rank as the ﬁfth leading cause of death in Brazil, and
pneumonia is the second most common of these.4 In 2005, 8.4% of
deaths occurred among patients aged <5 years and 61% occurred
among patients aged 70 years.4 The lowest incidence rates and
mortality rates due to pneumonia were observed in individuals
aged 5–49 years.4
Four previous studies of pneumonia incidence or mortality in
Brazil have been published, two of which involved very small
regions of the country. The ﬁrst study was a prospective
surveillance study of radiographically conﬁrmed pneumonia in
children aged under 5 years that was conducted in an urban area of
Central-West Brazil (Goiaˆnia) in the years 2000 to 2001.15 The
annual incidence rate reported was 566 per 100 000 for children
aged under 5 years. When the incidence rate was examined with
respect to income levels, the incidence for very low income
populations was reported to be approximately four-fold higher
than for high income populations.
The second study was an exploratory study of hospitalizations
for pneumonia in infants aged <1 year in the Vale do Paraı´ba region
in Southeast Brazil for the years 2004 to 2005.16 The mean number
of hospitalizations was reported to be 35.2 per 1000 live-births.
This agrees quite well with our reported average HDTP incidence
rate of 3500 per 100 000 persons in infants aged <1 year for the
Southeast Region of Brazil.
A retrospective study examined the mortality rate from
pneumonia in children aged 4 years from all ﬁve regions of
Brazil during the period 1991–2007.17 In children aged <1 year and
in children aged 1–4 years, there were mean annual reductions in
the mortality rate of 0.12 and 0.07 per 1000 persons in the
population, respectively. This trend was most evident after 1995.
Although mortality rates declined in all ﬁve regions, the greatest
reductions in both age groups occurred in the South and Southeast
regions. Presumably, this reduction in mortality rates resulted
from reductions in pneumonia incidence, such as we observed.
Using methodology similar to ours, Novaes et al. analyzed data
from the SUS Hospital Information System on the incidence of
hospitalization for pneumococcal disease (identiﬁed by ICD-10
codes) in Brazil during the period 2004–2006.18 They found that
pneumococcal disease accounted for 0.1% of all hospitalizations.
Almost half of these hospitalized patients were children aged <5
years, and the highest rate occurred in children aged <1 year. In
two-thirds of hospitalizations for pneumococcal disease the
diagnosis was pneumonia. For the most part the hospitalization
rate remained steady throughout the study period, although there
may have been a downward trend among children aged <1 year.
These results point out that, despite the decrease in hospitalization
for pneumonia identiﬁed in our study, S. pneumoniae remains an
important cause of hospitalization in Brazil.
Pneumonia hospitalization rates in those aged 65 years have
been reported in other countries. The hospitalization rates for
pneumococcal pneumonia in Singapore were reported as 32.2 and
94.8 per 100 000 population among patients aged 65–74 years and
75 years, respectively.19 In Taiwan, an estimated 471 per 100 000
elderly population aged 65 years are hospitalized annually for
CAP.20 In Spain, hospitalization rates for CAP increased by age
group from 461 per 100 000 in those aged 65–69 years to 2330 per
100 000 in those aged 85 years.21 The rate for those aged 65
years in England was reported as 263 per 100 000 population.22A percentage of patients hospitalized for pneumonia are
expected to die, hence the in-hospital CFR should reﬂect a certain
percentage of the HDTP. Our observations, showing an in-hospital
CFR (in the overall population) in the Southeast Region of Brazil at
least 30% higher than in the other regions, but with a relatively low
HDTP incidence rate, is difﬁcult to explain. A possible explanation
that would produce the opposite effects on incidence and CFR
would be systematic differences in the timing of hospitalization of
patients for pneumonia. In the North and Northeast regions (areas
with a low population density) patients may have to travel long
distances for medical care and might be hospitalized even with
very mild disease because of the difﬁculties in returning home and
then returning to the hospital should their condition worsen. If
this practice of hospitalizing all patients with pneumonia,
regardless of severity, occurred in the poorer regions of Brazil,
it would result in high HDTP incidence rates and low in-hospital
CFRs, because only a small percentage of patients would be sick
enough to die. Conversely, in the Southeast Region, which has a
higher standard of living, the practice might be to treat patients
with mild symptoms of pneumonia as outpatients and to only
hospitalize those with severe disease. This would result in a low
HDTP incidence rate, but also a high in-hospital CFR, because a
larger percentage of the patients would be sick enough to die.
Consistent with this hypothesis is that the average length of
hospitalization for pneumonia was approximately 1.5 days longer
in the Southeast Region compared with the other regions of Brazil,
suggesting that patients hospitalized in the Southeast Region
were sicker than those hospitalized in other regions. A study that
included both hospitalized patients and those treated as out-
patients for pneumonia could help conﬁrm or refute this
hypothesis.
A much higher overall in-hospital CFR for all age groups
combined was observed in the Southeast Region compared with
the other regions. This appears to be accounted for partly by
patients aged 50 years, who represent about 16% of the overall
population. Age-related changes in pulmonary function, immu-
nosenescence, and comorbidities associated with older age
certainly play a role in the overall age-related difference in CFRs
in older adults.23 However, the regional disparity between HDTP
incidence rates and in-hospital CFR in the Southeast Region for
adults aged 50 years is difﬁcult to explain. The relationship
between lower HDTP incidence rates and higher CFRs for adults
aged 50 years in the Southeast Region might be explained by
better access to healthcare centers and higher rates of private
health insurance in this region. As a consequence, perhaps fewer
adults with mild pneumonia are admitted to the hospital, resulting
in only very severe cases being admitted and accounting for the
increased in-hospital CFR compared with other regions. Care-
seeking behaviors in older adults might also play a role in the
higher in-hospital CFR if patients in this age group delay seeking
treatment until symptoms are severe.
The in-hospital CFR for infants aged <1 year was highest in the
poorer North and Northeast regions. However, socioeconomic
conditions do not always correlate with higher infant mortality.
High infant mortality is related not only to the availability of
medical care, but also inadequate use of health services.24–27 Care-
seeking by mothers of infants and small children in Sri Lanka,
despite low median income levels and high rates of childhood
malnutrition, was found to be a factor in the country’s low infant
mortality rate.24
An oral autopsy study of post-neonatal deaths in Ceara, in the
Northeast Region, conducted in 1995–1996, indicated that a
mother’s education level, infant age under 6 months, malnutrition,
and length of disease episode were all positively associated with
the mother seeking care for her infant from a biomedical service.27
Delays in seeking medical care were attributed to not recognizing
E.N. Berezin et al. / International Journal of Infectious Diseases 16 (2012) e583–e590 e589the severity of symptoms, and the ability to obtain transportation
to a biomedical facility.
Studies of care-seeking behaviors and factors that affect care-
seeking in different regions of Brazil are needed to determine the
possible contribution of seeking treatment in the regional
differences in HDTP incidence rates and in-hospital CFRs, and
how these behaviors differ in different age groups.
A major limitation of this study is that it was a retrospective
study, and the available data did not distinguish between the many
different types of pneumonia because the ICD-10 data used in this
study were aggregated in the database at the ‘pneumonia’ level.
Consequently, it was not possible to separate and calculate
incidence rates for CAP, pneumococcal pneumonia, or other sub-
types of pneumonia. Therefore, the rates provided in this report
should not be used as a measure of CAP. Sequential hospitaliza-
tions or re-hospitalizations were recorded in the database.
However, data extracted from the SUS database were aggregated
data. Without access to individual-level data, an independent new
episode of the diseases studied could not be differentiated from a
recurrence of a previous episode. The result may be an
overestimation of the actual incidence of pneumonia. Finally,
these cases of pneumonia were not necessarily radiographically
conﬁrmed. Although our results are generalizable to the entire
population of Brazil, they may not apply to other South American
countries.
Our reported incidences are an underestimate for several
reasons. Because only hospitalized cases were studied, mild cases
treated as outpatients were not included. We used a limited
number of ICD-10 codes, therefore an unknown number of
pneumonia hospitalizations were not included. Furthermore, only
cases treated in the SUS healthcare system were counted, therefore
cases treated entirely through private care facilities were missed.
Finally, patients who developed pneumonia while hospitalized for
a different medical condition were not included in this analysis.
The reliability and validity of using ICD codes for identifying
cases of pneumonia have been questioned. Studies have been
published suggesting that using ICD-9 codes for identifying
pneumonia may be problematic.28,29 However, a recent study
conducted in Australia concluded that using ICD-10 codes J10
through J18 for pneumonia in patients aged >65 years was
associated with a high degree of accuracy for retrospective
ascertainment of hospitalized pneumonia cases (sensitivity
97.8%, speciﬁcity 64.2%, positive predictive value 68.1%, and
negative predictive value 97.1%) when medical record notation of
pneumonia is used as the standard, compared with using
complexes of symptoms and signs, or radiology reports.30 Our
study used ICD-10 codes so this possible limitation may have been
minimized. Although it would be helpful to have evidence
gathered in Brazil for the accuracy of ICD-10 codes, no such
studies have been conducted.
Comparison of our results with those of similar studies in
nearby countries would be useful; however, to the best of our
knowledge this is the ﬁrst nationwide survey of the incidence of
hospitalization for pneumonia in any South American country.
In conclusion, all-cause pneumonia remains an important
source of morbidity and mortality in Brazil. Differences exist
with respect to the number of hospitalizations and mortality
rates among and within the various regions of Brazil. The
incidence of hospitalization for pneumonia is highest for the
poorer regions of Brazil, and lowest for the wealthy Southeast
Region. Paradoxically, the relationship between incidence and
CFR for adults aged 50 years is nonparallel, such that the well-
developed Southeast Region has the highest CFR and the poorer
regions have lower CFRs for this group. Explaining this paradox is
a challenge, and it may not be possible to provide a deﬁnitive
explanation.Acknowledgements
Funding for this research was provided by a grant from Wyeth,
which was acquired by Pﬁzer Inc in October 2009. Medical writing
support was provided by Nancy Price, PhD, at Excerpta Medica, and
was funded by Pﬁzer Inc.
Conﬂict of interest: MT is an employee of Pﬁzer; TH and MPS
are former employees of Pﬁzer; ENB has no conﬂicts to report;
JCM has served on advisory boards for Pﬁzer, Novartis, and Sanoﬁ.
Appendix A. Supplementary data
Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.ijid.2012.02.018.
References
1. Mulholland K. Childhood pneumonia mortality—a permanent global emergen-
cy. Lancet 2007;370:285–9.
2. Williams BG, Gouws E, Boschi-Pinto C, Bryce J, Dye C. Estimates of world-wide
distribution of child deaths from acute respiratory infections. Lancet Infect Dis
2002;2:25–32.
3. Black RE, Morris SS, Bryce J. Where and why are 10 million children dying every
year? Lancet 2003;361:2226–34.
4. Correˆa Rde A, Lundgren FL, Pereira-Silva JL, Frare e Silva RL, Cardoso AP, Lemos
AC, et al. Brazilian guidelines for community-acquired pneumonia in immuno-
competent adults—2009. J Bras Pneumol 2009;35:574–601.
5. Toyoshima MT, Ito GM, Gouveia N. [Trends in morbidity for respiratory diseases
among hospitalized patients in the city of Sa˜o Paulo]. Rev Assoc Med Bras
2005;51:209–13.
6. Central Intelligence Agency. The World Factbook—Brazil. Available at: https://
www.cia.gov/library/publications/the-world-factbook/geos/br.html (accessed
March 11, 2011).
7. Pan American Health Organization and World Health Organization. Technical
Reports Series No. 78. Health sector reform and equity: Bolivia and Brazil study
cases; November 2001. Washington DC: PAHO; 2001. Available at: http://
www.paho.org/english/hdp/hdd/tr78.pdf (accessed March 11, 2011).
8. Montenegro RA, Stephens C. Indigenous health in Latin America and the
Caribbean. Lancet 2006;367:1859–69.
9. Victora CG, Barreto ML, do Carmo Leal M, Monteiro CA, Schmidt MI, Paim J, et al.
Health conditions and health-policy innovations in Brazil: the way forward.
Lancet 2011;377:2042–53.
10. Ministe´rio da Sau´de. Morbidade hospitalar do SUS—por local de internac¸a˜o—
Brasil. Brazil: Ministry of Health. Available at: http://tabnet.datasus.gov.br/cgi/
deftohtm.exe?sih/cnv/miuf.def (accessed June 3, 2009).
11. Tomimatsu MF, Andrade SM, Soares DA, Mathias TA, Sapata M, da P, Soares DF,
Souza RK. Quality of external-cause data in the hospitalization information
system. Rev Saude Publica 2009;43:1–8.
12. Ministe´rio da Sau´de. Populac¸a˜o residente—Brasil. Brazil: Ministry of Health.
Available at: http://tabnet.datasus.gov.br/cgi/deftohtm.exe?ibge/cnv/popuf.
def (accessed June 3, 2009).
13. Daly LE, Bourke GJ, McGilvray J. Interpretation and uses of medical statistics,
4th ed., Oxford: Blackwell Scientiﬁc Publications; 1991.
14. Daly L. Simple SAS macros for the calculation of exact binomial and Poisson
conﬁdence limits. Comput Biol Med 1992;22:351–61.
15. Andrade AL, Silva SA, Martelli CM, Oliveira RM, Morais Neto OL, Siqueira
Ju´nior JB, et al. Population-based surveillance of pediatric pneumonia: use of
spatial analysis in an urban area of Central Brazil. Cad Saude Publica
2004;20:411–21.
16. Mukai Ade O, Alves Kde S, Nascimento LF. Spatial analysis of hospitalizations for
pneumonia in the Vale do Paraı´ba region of Brazil. J Bras Pneumol 2009;35:
753–8.
17. Rodrigues FE, Tatto RB, Vauchinski L, Lea˜es LM, Rodrigues MM, Rodrigues VB,
et al. Pneumonia mortality in Brazilian children aged 4 years and younger. J
Pediatr (Rio J) 2011;87:111–4.
18. Novaes HM, Sartori AM, de Soa´rez PC. Hospitalization rates for pneumococcal
disease in Brazil, 2004–2006. Rev Saude Publica 2011;45:539–47.
19. Low S, Chan FL, Cutter J, Ma S, Goh KT, Chew SK. A national study of the
epidemiology of pneumococcal disease among hospitalised patients in
Singapore: 1995 to 2004. Singapore Med J 2007;48:824–9.
20. Chen YH, Yang GY, Loh CH, Liou SH, Su WL, Lin SH, Chou CC. Cost beneﬁts of
targeting the pneumococcal vaccination program to the elderly population in
Taiwan. Am J Infect Control 2006;34:597–9.
21. Gil-Prieto R, Garcı´a-Garcı´a L, Alvaro-Meca A, Me´ndez C, Garcı´a A, de Miguel AG.
The burden of hospitalisations for community-acquired pneumonia (CAP) and
pneumococcal pneumonia in adults in Spain (2003–2007). Vaccine 2011;29:
412–6.
22. Trotter CL, Stuart JM, George R, Miller E. Increasing hospital admissions for
pneumonia, England. Emerg Infect Dis 2008;14:727–33.
E.N. Berezin et al. / International Journal of Infectious Diseases 16 (2012) e583–e590e59023. Janssens JP, Krause KH. Pneumonia in the very old. Lancet Infect Dis 2004;4:
112–24.
24. Amarasiri de Silva MW, Wijekoon A, Hornik R, Martines J. Care seeking in Sri
Lanka: one possible explanation for low childhood mortality. Soc Sci Med
2001;53:1363–72.
25. de Zoysa I, Bhandari N, Akhtari N, Bhan MK. Careseeking for illness in young
infants in an urban slum in India. Soc Sci Med 1998;47:2101–11.
26. Goldman N, Pebley AR, Gragnolati M. Choices about treatment for ARI and
diarrhea in rural Guatemala. Soc Sci Med 2002;55:1693–712.
27. Terra de Souza AC, Peterson KE, Andrade FM, Gardner J, Ascherio A. Circum-
stances of post-neonatal deaths in Ceara, Northeast Brazil: mothers’ healthcare-seeking behaviors during their infants’ fatal illness. Soc Sci Med 2000;51:
1675–93.
28. Guevara RE, Butler JC, Marston BJ, Plouffe JF, File Jr TM, Breiman RF. Accuracy of
ICD-9-CM codes in detecting community-acquired pneumococcal pneumonia
for incidence and vaccine efﬁcacy studies. Am J Epidemiol 1999;149:282–9.
29. van de Garde EM, Oosterheert JJ, Bonten M, Kaplan RC, Leufkens HG. Interna-
tional classiﬁcation of diseases codes showed modest sensitivity for detecting
community-acquired pneumonia. J Clin Epidemiol 2007;60:834–8.
30. Skull SA, Andrews RM, Byrnes GB, Campbell DA, Nolan TM, Brown GV, et al. ICD-
10 codes are a valid tool for identiﬁcation of pneumonia in hospitalized patients
aged 65 years. Epidemiol Infect 2008;136:232–40.
